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1.1. A diversity library synthesis of 7-aryl-octahydroazonino
[5,4-b]indoles
There has been a steady and concerted effort for many years to
increase the structural complexity of compounds made in combi-
natorial libraries. In this respect, the occurrence of pharmacologi-
cally active natural products has inspired chemists to pursue
synthetically accessible complex ring systems bearing a range of
functionality suitable for further derivation. With this objective
in mind, a recent paper describes the design and synthesis of a
library of 7-aryl-octahydroazonino[5,4-b]indoles by a three-
component reaction, as simpliﬁed vinblastine analogues.1
Vinblastine (1) and vincristine are two closely related structures
which have been identiﬁed as antimitotic agents that act by the
inhibition of tubulin polymerisation. Both compounds are widely
used as antitumour drugs, and there has been considerable effort
directed at the discovery of safer and more effective analogues. De-
spite the complexity of the vinblastine structure, there have been
proposals as to the mechanism of action of this natural product,
and this has stimulated the design of structurally simple synthetic
analogues. In particular the 7-aryl-octahydroazonino[5,4-b]indole
framework (e.g. 5) was considered a synthetically accessible surro-
gate that could be constructed by a three-component reaction from
indolizino[8,7-b]indoles, chloroformates and activated arenes.
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The key reaction in this approach is the chloroformate activated
fragmentation of indolizino[8,7-b]indoles. The reaction of the pre-http://dx.doi.org/10.1016/j.comche.2013.01.001
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E-mail address: nterrett@ensembletx.comcursor 2, with a slight excess of chloroformate induces cleavage of
the C1–N2 bond in the b-tetrahydrocarbazole nucleus resulting in
the ring-expanded intermediate (3). The transient iminium ion
can then be trapped with an electron rich arene such as the pro-
tected 4-(3-methoxyphenyl)piperazine (4) to give the stable vin-
blastine analogue product (5).
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To maximise synthetic versatility, a-chloroethylchloroformate
was chosen to generate a carbamate product that could be cleaved
by gentle heating in methanol to provide a secondary amine that
was then derivatised by a range of acyl chlorides, epoxides and sul-
phonyl chlorides. The piperazine secondary amine was protected
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amine could similarly be derivatised with acyl and sulphonyl
chlorides or alkylated by reductive amination reaction with
aldehydes.
Based on the chemistry outlined above, a diverse library of
7-aryl-octahydroazonino[5,4-b]indoles was generated that con-
sisted of thirteen different chemotypes. A subset of 308 com-
pounds was chosen for synthesis on 100 lmol scale from a
possible set of 3216 possibilities using an algorithm to maximise
structural diversity. Following synthesis, the compounds were
puriﬁed by reverse phase HPLC with mass-triggered fraction col-
lection with subsequent LC/MS characterisation. One hundred
and eighty-eight compounds passed the acceptance criteria,
and a subset was further proﬁled by 1H NMR and 13C NMR.
The compounds from this library approach are being progressed
to biological screening and results will be reported in due
course.2. A summary of the papers in this month’s issue
2.1. Polymer supported synthesis
Incorporation of the unnatural amino acid L-(7-hydroxycouma-
rin-4-yl)ethylglycine (7-HC) is a powerful and reliable approach for
the preparation of ﬂuorescently labelled proteins. A recent paper
describes an improved protocol for its synthetic preparation, which
provides ready access to multi-gram quantities of 7-HC. Also re-
ported is an extension of the utility of 7-HC in the generation of
a protected building block suitable for use in solid phase peptide
synthesis.2
A rapid and efﬁcient Fmoc/t-Bu solid-phase peptide synthesis
(SPPS) of cyclic aza-b3-peptide analogues by the allyl strategy has
been described. The synthetic approach includes the synthesis of
two new aza-b3-amino acids, Fmoc-aza-b3-Lys-OAllyl and Fmoc-
aza-b3-Asp-OAllyl, then the resin attachment of the ﬁrst aza-b3-
amino acid via its side chain, successful use of combination of three
orthogonal removable protecting groups, stepwise solid-phase
synthesis of linear peptide analog, and on-resin head-to-tail
cyclisation.32.2. Solution-phase synthesis
A highly convergent, efﬁcient, and practical heteroannulation
protocol for the synthesis of a library of uracil and coumarin
fused spirooxindole derivatives has been developed. Reactions
involving PEG–OSO3H mediated one-pot three-component dom-
ino coupling of 1,3-diketo compound (cyclohexane-1,3-dione,
indane-1,3-dione, dimedone, and 1,3-dimethylbarbituric acid),
6-aminouracil/4-aminocoumarin, and isatin/5-bromoisatin resulted
in the highly substituted uracil and coumarin fused spirooxin-
dole derivatives, making this strategy very useful in diversity-
oriented synthesis. This synthesis was established to follow the
group-assistant-puriﬁcation chemistry process avoiding tradi-
tional chromatography, whereupon recrystallisation puriﬁcations
appear to be a very good alternative to traditional classical
methods. The aqueous reaction medium, dual role of the poly-
mer supported catalyst PEG–OSO3H in aqueous media, easy
recovery of the catalyst, and high yield make the protocol attrac-
tive, sustainable, and economic.4
A facile and efﬁcient synthesis of 6-amino and 6-aminoalkyl
thiazolo[4,5-c]pyridazines has been reported. The key step for the
construction of this novel bicyclic scaffold was the reaction be-
tween 3-amino-4-bromopyridazine derivatives and alkylisothiocy-
anates. The application of this methodology for the synthesis of a
small library of thiazolo[4,5-c]pyridazines is also described.52.3. Scaffolds and synthons for combinatorial libraries
No papers this month.
2.4. Solid-phase supported reagents
Ionic multi-walled carbon nanotubes (CNTs), which were cova-
lently functionalised with imidazolium salt, have been used as
support materials for the immobilisation of a Hoveyda-type
Ru–carbene complex. The catalytic activity and recyclability of
the ionic CNT-supported Ru–carbene complexes have been investi-
gated for ring-closing metathesis of various dienes, and the recov-
ered catalyst can be reused up to ten times without any signiﬁcant
loss of catalytic activity.6
Silica-gel supported binam-derived prolinamides are efﬁcient
organocatalysts for the direct intramolecular and intermolecular
aldol reaction under solvent-free conditions using conventional
magnetic stirring. These organocatalysts in combination with ben-
zoic acid showed similar results to those obtained under similar
homogeneous reaction conditions using an organocatalyst of re-
lated structure. For an intermolecular process, aldol products
were obtained at room temperature and using only two equiva-
lents of the ketone with high yields, regio-, diastereo- and
enantioselectivities.7
The preparation of terminally functionalised atactic polypropyl-
enes has been described. Using standard organic transformations,
an oleﬁn terminated polypropylene oligomer can be converted into
many other important functional groups. Such species can serve as
useful polymer-bound building blocks for synthesis and catalysis.
These supported derivatives exhibit high phase-selective solubility
in nonpolar solvents, making them excellent candidates for use as
supported reagents/catalysts.8
The synthesis of biologically important 5-aryl-3H-[1,3,4]oxa-
diazol-2-ones has been carried out by heating the easily synthe-
sized N0-(chloro-aryl-methylene)-tert-butylcarbazates on basic
alumina surface under solvent-free conditions. The dual character-
istic of basic alumina as a solid support as well as a nucleophile is
successfully exploited in these reactions. The method provides spe-
cial attributions such as reduced reaction times, easier work-up
procedures, and good to excellent yields as well as increased purity
of products and most importantly environmentally friendly proto-
cols. The basic alumina is easily recovered and utilised for further
reactions several times without serious loss of activity.9
Amine-free lithium enolates can be prepared by a simple proce-
dure using polymer-immobilised lithium amides derived from
known, easily accessible immobilised secondary amines, or from
a new bidentate amine (lithium diisopropylamide (LDA) or lithium
cyclohexylisopropylamide (LICA) analogues). The procedure in-
volves physical separation of the polymeric amine reagent and
the enolate formed by simple washing with solvents. The enolates
(and an azaenolate) obtained were used in selected reactions with
electrophiles giving improved results. Recycling of used polymers
via the ‘ﬁltration procedure’ is also easier and uncomplicated by
possible side reactions with electrophiles and their possible effects
on the polymeric regents.10
A simple procedure for the incorporation of rhodium nanoparti-
cles into a hypercross-linked polystyrene matrix is developed. The
prepared heterogeneous catalyst shows high activity in the
hydroformylation of oleﬁns in supercritical carbon dioxide, and
can be recycled six times without any noticeable decrease in
productivity.11
A facile alternative synthesis of a recoverable Au(III) catalyst
supported on Fe3O4@SiO2 MPS grafted by poly(N-vinyl-2-pyrrol-
idone) (PVP) has been described. The solid magnetic support was
prepared by anchoring 3-methacryloxypropyltrimethoxysilane
(MPS) onto the Fe3O4@SiO2 surfaces followed by free radical
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lised onto the magnetic support in aqueous media to afford
Au(III)/Fe3O4@SiO2  PVP. This catalyst can catalyse the aromatic
bromination reaction with comparable activity as homogeneous
AuCl3, and moreover the supported catalyst is easy to recover
and can be used in four cycles without apparent loss of activity.122.5. Novel resins, linkers and techniques
The efﬁcient miniaturised conditions for the preparation of ar-
rays of bicyclic lactams for screening has been reported. The nature
of the solvent is usually an important factor of reactivity, and at a
small synthesis scale, when automated pipetting devices are re-
quired, physical properties of the solvent, such as surface tension
and vapour pressure also become very important. After having
shown that a complete evaporation of a solution of reagents yields
the expected lactams, the reaction and procedure was exempliﬁed
with the preparation of a library of 80 members.13
During the past two decades solid-phase chemistry has devel-
oped from a special tool in peptide- and nucleotide chemistry to
a routine method in organic synthesis. However, the linker systems
of the most popular supports are destroyed irreversibly in the
cleavage step and thus the support can be used only once. A simple
procedure for the regeneration of the Kaiser-oxime resin has been
described, which renders this support one of the most cost-
efﬁcient in solid-phase synthesis.14
The versatility of the pipecolic linker for the structural diversi-
ﬁcation of secondary amines with potential CNS activity has been
described. The solid-phase methods elaborated involved N1-indole
sulphonylation, nitroindole and nitroarene reduction, and micro-
wave-assisted Buchwald–Hartwig N-arylation.152.6. Library applications
Positron emission tomography (PET) using the tracer [11C]Flu-
mazenil has shown changes in the distribution and expression of
the GABAA receptor in a range of neurological conditions and injury
states. A recent study makes a direct comparison between the cur-
rently known ﬂuorine-18 labelled GABAA radiotracers and novel
imidazobenzodiazepine ligands. A focussed library of novel com-
pounds was designed and synthesised where the ﬂuorine contain-
ing moiety and the position of attachment is varied. Eleven of the
novel compounds assessed appeared suitable for in vivo assess-
ment as PET tracers.16References
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